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He, D, H, H' unpol: Hy, Dy, He, Ny, Ne, Ar, Kr, Xe
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Inclusive Scattering:

)
4
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detect scattered lepton
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Inclusive Scattering:

detect scattered lepton

. Q2 L AEE'sin?(Y)
w2 Y M2 oMy — Q2
lab (2
N 4 o 2Mv
detect scattered lepton
produced hadrons
i T} _ log(Egm_pﬁ)
u /p - 2x(Eh h
N <:<u CK ( cm+p||)
“d Cally_ lab  Ey

E—F'
e
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momentum distribution

helicity distribution

transversity distribution

SR EASEE AL )
measures spin average

DL )
measures helicity difference

forward quark-nucleon amplitudes: (in helicity basis)

~Im(Ay— 1)
measures helicity flip

O,

(in helicity basis)

probabilistic interpretation:

@ - (e

(in helicity basis)

O-®

(in basis of transverse
spin eigen states)

complete description of quark momentum (P) and spin (S) at leading twist:

)
4
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The Difference between distributions and provides
measurement of the relativistic nature of the quarks inside the nucleon.

The transversity distribution is chiral-odd,

. &
.
[34
&
.
AR

R R

cannot be determined in inclusive DIS  another chiral-odd fragmentation
(or distribution) function is needed

The transversity distribution can be measured:

with two hadrons in the initial state or one hadron both in initial and final state
One hadron has to be transversely polarized

At HERMES x Hy (z,(—zkr)?) is accessible in
azimuthal single-spin asymmetries in semi-inclusive DIS.

A, =
4
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Semi-inclusive DIS on a transversely polarized target:

In addition to the azimuthal angle ¢ the
azimuthal angle ¢ is observable.
Non-vanishing IS caused by
Intrinsic transverse momenta and

Generalized distribution and fragmentation functions:

Collins function Hy- (z, (—zkr)?) Sivers function
fragmentation function distribution function
®-® ®-@
chiral-odd chiral-even
Implies non-vanishing
naive time reversal odd =- naive time reversal odd =
i .+ azimuthal single-spin asymmetries | azimuthal single-spin asymmetries

4
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The transverse target cross section contains a convolution integral over
INntrinsic transverse momenta and

Assuming a Gaussian dependence one can disentangle the convolution
Integral.

The unweighted (i.e. no weighting by ) asymmetry
(for each hadron type h) becomes:

moment
B(y) Y (€3 Hy V29 (2)) / /(pE) + ()
el el A(xy) 3 a(x. Q5D (2)
distinctive q
| ‘ Sign?ture A(X,y)%:(e(zl Di-q (Z)>/\/<p’2r>+<k’2r>
— 2SSt

A(y) %I q(x, Q*)Dj (z)

UT means unpolarized beam (U) and transversely polarized target (T).
Srlstates target polarization vector.

hermes E.C. Aschenauer



Determination of unweighted asymmetries for charged pions:
_ 1 N (& ®s) - N; (P, Ps)
(P2) NI (®,®s)+ Ny, (2, ®s)

(P,) = 0.754 + 0.050 (average target polarization value)

Moments are extracted in the two-dimensional fit:

= 2. -gin (@ — Pg)+

moment

s By
A (), (v)

Cc3 - sin (2¢ — ¢s) + c4 - sin ¢s + c5

sin (® + Pg)+

A ((x),(y)), B ({(y)): kinematic factors; cs3, c4, c5: fit parameters

A, =
4
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f/Unweighte Sivers
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Unweighted Sivers MoMExp. VS.
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Transverse polarized target:

in theory: polarization w.r.t. the virtual photon — A/ 0"

In experiment: polarization w.r.t. the lepton beam

Semi-inclusive DIS on
Conversion with subleading-twist term: a longitudinally polarized target:

sin (ptds) 1 - sin ¢

2

0.~ polar angle between the
Incoming beam direction and the virtual
photon direction

Longitudinal lepton moments
(sin qﬁ)LL (subleading-twist) are extracted.

)
4
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Study of hard exclusive processes leads to
a new class of PDFs

deeply virtual RN actors 5 . L .
[ Compton ] scatering_J el Generalised Parton Distribut ions
Ha, Ea

0
.
.
0
0
»
‘e
0
0
v,
N

timelike
Compton orbital angular 1
. > ors Y . Chememm = possible access to

transverse localisation Orb|ta| ang[JIar momentum

[ PP annihilation ] :::: "",",’ Jq == %(f_l]_ Qfdl’( _|_ ))t—)O
vy = 7, vy — KK | 4 L Jq — %AZ _|_ Lq

exclusive deep inelastic
meson production scattering
deep virtual/large ¢ PDFs

exclusive: all products of a reaction are detected
—> missing energy (AE) and missing Mass (M) =0

)
4
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What does GPDs characterize?

polarized
H9(x,¢,t)  conserve nucleon helicity
H%(x,0,0) = ¢, H1(z,0,0) = Ag
Ed(x,¢,t)  flip nucleon helicity
not accessible in DIS
quantum numbers of final state = select different GPDs

yo Y

pseudo-scalar mesons
HY E4 HY E4
: Ay, , AuL,0p,¢.w,

, t, defined on the light cone
unobservable internal variable in DVCS momentum transfer (t = A?)

:I?Bj

jongitudinal momentum transfer between 2 partons ( = 5=~
J
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do

isolate term

= unpolarized target

beam helicity asymmetry:

X sSing —
beam asymmetry:
do. —do X (TpuTpves)
X —=

= unpolarized beam

longitudinal target spin asymmetry:

(TBHTQVCS)
— H"(x, ¢, t)

do —do X
P P

X

)
4
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+ | Tau|? + | Tpves|?

non-zero azimuthal asymmetries

)
Yy

¢: azimuthal an etween lepton scattering

plane and the v*~y - plane
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Sum

elastic BH
associated BH
semi-inclusive

MC (M, < 1.7 GeV):

5%

85%

10%



Proton

e'p - e’ yX (M<1.7GeV)
HERMES PREL. 2000 (refined)
— P1+P2sin @+ P3sin 2¢

P1 =-0.04 £ 0.02 (stat)
P2 =-0.18 £ 0.03 (stat)
P3 = 0.00 £ 0.03 (stat)

<-t>=0.18 GeV?, <xg> = 0.12, <Q*> = 2.5 GeV*

Be%%pin Asy

Deuterium

e'd - e'yX (M<1.7GeV)
HERMES PRELIMINARY
— P1+P2sin @+ P3sin 2¢

P1=-0.04 £ 0.02 (stat)
P2 =-0.15 £ 0.03 (stat)
P3 = 0.03 + 0.03 (stat)

<t >=0.20 GeV?, <xz> = 0.10, <Q*> = 2.5 GeV*




HERMES PRELIMINARY (<-t.> = 0.12 GeV?)
e'p - e"yX (M<1.7GeV)
— cO+clcos@+slsing

ce

X%/ ndf: 11.47/8

c0 = 0.009 + 0.020 (stat)
c1=0.059 + 0.028 (stat)
s1=0.094 + 0.028 (stat)

Bem.ge ASy

Deuterium

HERMES PRELIMINARY

e'd - ey X (all d)
A=c0 +clcos@+slsing (M<1.7 GeV)
X’/ndf = 2.26

c0=0.003 +/- 0.013 (stat.)
c1=0.061 +/- 0.018 (stat.)
s1=0.010 +/- 0.018 (stat.)




~“Beam Charge Asymme

HERMES PRELIMINARY
ep/d - e”yX (M<1.7GeV)
(in HERMES acceptance)

° proton
= deuteron

40%

0 01 02 03 04 05 06 07
2
-t. (GeV")




Lonmnal Tmp_in Asy

m! - Astijrfb Im

HERMES PRELIMINARY
ep - €yX (M,<1.7 GeV)
A=cy+s Sn@+s,sin 2¢

X%/ ndf: 8.5/ 7

C, -0.009+0.024 (stat.)
s;: -0.071+0.034 (stat.)
s,; -0.113+0.034 (stat.)

<-t>=0.12 GeV?, <xz>=0.10, <Q*>=2.5 GeV*

HERMESPRELIMINARY 99,00
e'd - €yX (M,<1.7 GeV)
A=c,+s Sn@+s,sin 20

X%/ ndf: 6.2/ 7

¢,y 0.030%0.017 (stat.)
s; -0.036 0.024 (stat.)
s, -0.039%0.023 (stat.)

<t>=0.13 GeV?, <x5>=0.10, <Q*>=2.5 GeV’




HERMESPRELIMINARY
e'pld - eyX (M,<17GeV)

= proton
= deuteron

s e

0 . 02 03 04 05 0.6

HERMESPRELIMINARY
e'p/d - €yX (M,<17GeV)

= proton
= deuteron \

ol

40%

0 . 02 03 04 05 06




Excl




Production mechanismen: eg — e’ n 7t

no exclusive =~ production at a proton target

A, =
4
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Exclusive =" production /AHow to"

o 7t | Y2/ ndf 21.88/17
: ’ Constant 341.9+18.9

Mean 0.87+0.05

Sigma 0.677+0.036

« Data
Fit to data

—— Exclusive MC
(arbitrary norm.)

6
Missing Mass? (GeV?)

Missing Mass? (GeV?)



Exclusivﬁroductigﬁ'/ How to e

o 7t | Y2/ ndf 21.88/17
: ’ Constant 341.9+18.9

Mean 0.87+0.05

Sigma 0.677+0.036

« Data
Fit to data

—— Exclusive MC
(arbitrary norm.)

6
Missing Mass? (GeV?)

Missing Mass? (GeV?)
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Otot = O + €01, = o1, ~ (H + E)?

Z
E
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4

 Fiet Fint

ep —> er ' (n)
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Otot = OT + €01, = O, ~ (H#—E)2

-0:26<x<018

Z
E
2
g
S
s
g
4

\Fhfst Hi.nt

ep —> er ' (n)
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Factorization theorem predicts a dependence for oy, at fixed x and t
Cross section can be written as

do 1 x% 1 1

S i— * M 2
dt 16w1—XQ4\/1+4mzxzz’A(7P—>P )

Q2 spin

A, =
4
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Factorization theorem predicts a dependence for oy, at fixed x and t

Cross section can be written as

do IR 20 ) 1 | .
at  1671—zQ? — ) _A0"p = pM)
\/1+Tspz’n

. J ~

~ photon flux factor o il

A, =
4
hérmes  E.C. Aschenauer
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x/ndf 3550 / 23

P1 61.51 + 20.10
P2 0.1552 + 0.5265E-01
P3 0.7761 + 0.2899E-01

P4 1.834 & 3.447

P5 11.88 £ 3.485
P6 * -1.953 + 6.576
P7 \ 0.8769 = 5.279




T ExclusiveyiM pro

10 12 14 16
AE




S ExclusiveuM pro

x’/ndf 1242 | 58

Constant 483.3 + 17.42
Mean 0.3555 + 0.1640E-01
Sigma 0.4122 + 0.1436E-01

8 10 12 14 16
AE




>

Exclusiv

x’/ndf 1242 | 58

Constant 483.3 +
Mean 0.3555 +
Sigma 0.4122 +

17.42
0.1640E-01
0.1436E-01

8 10 12 14 16

AE




>

Exclusiv

x’/ndf 1242 | 58

Constant 483.3 +
Mean 0.3555 +
Sigma 0.4122 +

17.42
0.1640E-01
0.1436E-01

8 10 12 14 16

AE
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“Aur for exclusive o0 pro

HERMES PRELIMINARY
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= 0.1<-t<0.2
A 02<-t'<04
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RECOIL  DRIFT
PROTON CHAMBERS

TARGET | AMBDA

CELL

WHEELS
HODOSCOPE HO

F FIELD CLAMPS ‘\

TRIGGER HODOSCOPE H1

DRIFT CHAMBERS

\ PRESHOWER (H2)
L]

] — Hadrons

— ---
e+
’
TRD CALORIMETER
IRON WALL

WIDE ANGLE
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27.5 GeV
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SciFi/Lightguide
Connector Ring

C3 Collimator
(Tungsten)

Water
Cooling
for Si Det.

Si Det.
Connectors

Si Det. Hybrid

o |
The HERMES Recolil D

Photon Detector
(3 layers tungsten/scintillator)

SciFi 2
SciFi 1

Thin-walled
Scattering
Chamber

TIGRE Sensors

Si Det. Frame
(Aln)

Target
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Photon Detector
SciFi/Lightguide (3 layers tungsten/scintillator)

Connector Ring

C3 Collimator
(Tungsten)

SciFi 2

Water
Cooling SciFi 1
for Si Det.
Thin-walled
Si Det. Scattering
Connectors Chamber
TIGRE Sensors

Si Det. Hybrid Si Det. Frame
(Aln)

Target
Cell

build by DESY, Erlangen, Ferrara, Frascati,
Gent, Giessen, Glasgow and PNPI

v"/

hermes E.C. Aschenauer

detection of the recoiling proton
= p: 135 - 1200 MeV /c

= 76 % ¢ acceptance

= 7 /p-PID via dF /dx

Background Suppression
= semi-incl.: 5% — <<1%
=- associated: 11% — ~1%

iImprove t-resolution by factor 10
= study kinematical dependences

data taking in 2006/2007

Trento May 2005
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Why is a FFextraction inmaqt for F




How to extract FF/Multiplicities a

unpolarised
H & D data

experimental
multiplicities

in acceptance
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excl. VM correction
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)
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. CTTTTBID using RICH
e+ N P~ e -
unpolarised / ]
H & D data ,\/\/e_ Q:fbl::::l:‘:é“:.l.... ‘.‘i;-il‘m}””i
c.s. background - . e
correction ;
e e ’}}
I A
L F‘j‘ ‘ 1‘0 ‘1’5’ = 1‘5 1‘0 “‘15" ‘é‘ i ‘1‘0;(;;\/1)5
excl. VM correction
/v v experimental
C  AnE—— N
QR § > multiplicities
5 ; in acceptance
4 N
MC born level
multiplicities
\_ J

)
4
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Q2 — Evolution
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o
a
o

excl VM correction

acceptance correction I e

radiative unfolding ==

gij : n(i,j) for all pions , ; : . S

i B o ~
7+ W = O - - o

MC = i .59 ... & born level
4 o DD ........ o
A ar e ; multiplicities
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h mes E.C. Aschenauer . _i S i Z, é zis ; Eii sl)lio 1|1 1|2 1|3 1|4 1|5F6 -

Born level z bin (j)



HERMES

«« KrFF15
X <0.074
== KrFF3.4 « Kr FF 3.4
. x >0.074 === == x>0.074

Kr FF 1.5

== KrFF3.4
=== X >0.074




HERMES

«« KrFF15

x <0.074
- = KrFF3.4 - Kr FF 3.4 : - KrfFF3.4
x>0.074 oo REQOA

= x>0.074

KrEF 15 4 Kr FF 1.5
x <0.074

X <0.074
Kr FF 3.4 ’ DYlartie
x >0.074 . : x>0074




Exp.
2004c
2004a
F.all w2
Jetset




I

Exp.
2004c
2004a
F.all w2
Jetset




D 2002a (CTEQSL)
4 2004c (CTEQS5L)
—Kretzer (CTEQ5L)




s WRS,San ity

n* from d 2004—C tune
all x
7" from u 2004—C tune xg < 0.1
all x xg > 0.1

xg < 0.1 T Kretzer <Q*> = 2.5GeV?
Kretzer <Q*> = 5.0eV?
xg > 0.1

Kretzer <Q?> = 2.5GeV?
Kretzer <Q*> = 5.0eV?




n* from d 2004—C tune
\ all x
7" from u 2004—C tune N xg < 0.1
xg > 0.1

T Kretzer <Q*> = 2.5GeV?
T Kretzer <Q*> = 5.0eV?

No sign for need of fracture functions; effect from kinematic correlations.
Go ahead and extract hadron multiplicities




,r/f :
' Exclusive VM Contam

2000 unpol P—Data Pythia—6 unpol P

10 15 10 15

AE (GeV) AE (GeV)

0.8 1
M(TT ) (GeV) M(T'TT) (GeV)




exclusive VM production:

totally different process than SIDIS

estimate contribution from

changes: QED-radiation, VMD-modeI:

ratio: Ngxcl.VM(Z)/NgIDIS(Z>

large contribution for = at high z
contribution for K moderate vs z

)
4
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Acceptance small at low z, up to 35% at high z
However the acceptance samples the phase space enough to fix the dynamics
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HERMES continues happily taking data with a transverse polarised p-target

Will have much more data till end of 2005
Integrated DIS HERA Run Il (polarized)
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HERMES continues happily taking data with a transverse polarised p-target
Will have much more data till end of 2005
together with Collins FF from Bell will allow us hopefully to extract
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